Background: Acute pain is a frequent symptom, but little is known about the frequency and causes of acute pain in the prehospital population. The objectives of this study were to investigate the frequency of moderate to severe pain among prehospital patients and the underlying causes according to primary hospital diagnose codes. Methods: This was a register-based study on 41.241 patients transported by ambulance. Information on moderate to severe pain [Numeric Rating Scale (NRS, 0-10) > 3 or moderate pain or higher on 4-point likert scale] was extracted from a national electronic prehospital patient record. Patient information was merged with primary hospital diagnose codes based on the 10th version of the International Classification of Diseases (ICD-10) to investigate underlying causes of pain. Results: 11.430 patients (27.7%) reported moderate to severe pain during ambulance transport. As a measure of opioid demanding acute pain, 3.275 of 41.241 patients (7.9%) were treated with intravenous fentanyl. Underlying causes of pain were heterogenic according to ICD-10 chapters with injuries being the largest group of patients with moderate to severe pain (XIX: 42.8% of 8.041 patients), followed by non-specific diagnoses (XVIII: 28.5% of 7.101 patients and XXI: 31.6% of 5.148 patients), diseases of the circulatory system (IX: 22.1% of 4.812 patients) and other (20.3% of 16.139 miscellaneous patients). Discussion: Due to the high frequency of moderate to severe pain affecting a wide range of patients, more attention on acute pain is necessary. Whether ambulance personnel have sufficient options for treating various pain conditions might be a subject of future evaluation. Non-specific diagnoses accounted for surprisingly many patients with moderate to severe pain, of which many were treated with intravenous fentanyl. This may be substance of further investigation. Conclusions: Moderate to severe pain is a highly frequent and probably underestimated symptom among patients transported by ambulance. Underlying causes of pain are heterogenic as described by primary hospital diagnose codes. More focus on the treatment of acute pain is needed.
Background
Prehospital emergency medical service is an evolving field essential in the initial phase of acute patient care. Focus has traditionally been on highly acute conditions such as cardiac arrest [1, 2] , myocardial infarction [3] , stroke [4, 5] , and major trauma [6] . However, these conditions only represent a minor fraction of prehospital patients; thus focus on more prevalent conditions or symptoms is needed in order to optimize diagnostics and treatments beneficial for larger groups of prehospital patients.
Acute pain is perhaps one of the most frequent symptoms felt by patients in emergency medicine [7] [8] [9] . Proper treatment of acute pain in the prehospital phase of acute care is recommended to reduce morbidity, ensure patient wellbeing, and ease transportation from scene to hospital admission [10, 11] . Despite the recognition that acute pain is a priority in prehospital care [12] [13] [14] [15] [16] [17] [18] , little is known about the frequency and causes among prehospital patients [7] [8] [9] . The few existing prehospital studies describing the causes of acute pain categorizes patients into rough symptom-based groups, while the exact underlying diagnose-based diseases remain virtually undescribed.
Identifying a more precise cause of acute pain requires a unique individual-level data linkage of prehospital record journals with valid inhospital registries on hospital diagnosis codes. This is possible in Denmark, because all residents are allocated a personal civil registration (CPR) number at birth or immigration [19] . Appreciating that the first step in optimizing prehospital pain management is to acquire basic knowledge of acute pain, we aimed to investigate the frequency of moderate to severe prehospital pain and the causes defined by primary hospital diagnosis codes.
Methods

Study design and setting
This is a register-based observational study of acute patients transported by ambulance to hospital in the Central Denmark Region over a 9-month period from 1 August 2015 to 30 April 2016.
The Danish healthcare system is tax-supported with patients having unrestricted access to acute help including prehospital care and ambulance transport. The Central Denmark Region (one of five Danish regions) is a mixed rural/urban area of 13,000 km 2 and provides healthcare for 1,303,000 individuals representing roughly 25% of the entire Danish population. Acute transports are dispatched through a common Emergency Medical Coordination Centre (EMCC) that receives 1-1-2 emergency calls and immediate requests from general practitioners [20] . The prehospital emergency medical services setup is two-tiered: Emergency medical technicians (EMTs) conduct ground ambulance transports and physicians/anesthesiologists working on a ground mobile emergency care unit are dispatched to potentially life-threatening conditions in a rendezvous model. In certain acute and time-critical conditions, a physician-manned helicopter can be dispatched as well.
In the initial on scene assessment of patients, it is possible to categorize acute pain intensity on a 4-point categorical scale (VRS-4) or an 11-point numeric rating scale (NRS, 0-10). Besides non-pharmacological interventions, such as splinting fractures, prehospital patients with painful conditions can be treated with intravenous fentanyl by EMTs, who are also certified to administer nitroglycerine and acetylsalicylic acid to patients with cardiac chest pain. Prehospital emergency physicians have a wider range of analgesic options including alfentanil and ketamine, but these are primarily used for intubation or in cases of haemodynamically instable patients, who only account for a fraction of the total prehospital population. Repeated assessment of pain intensity on the NRS scale is only required with patients treated with intravenous fentanyl by EMTs.
The most acute patients are transferred to acute hospitals in the region for further diagnostic testing and treatment, or alternatively treated and released on scene after thorough examination by a prehospital emergency physician. These patients may be unharmed victims of traffic accidents, people with treated hypoglycemia, chronic obstructive pulmonary disease or other non-specific complaints assessed as not requiring hospital admission or declared dead on scene arrival [21] .
Study population and outcome
All acute patients transported by ambulance were included. Patients with an unregistered CPR number were excluded. In addition, we did not assess interhospital transports or elective transports with no treatment or monitoring applied. Finally, if the same patient had more than two transports, only the first transport was included.
We primarily assessed the existence of acute moderate to severe pain defined as i) an initial NRS equal to or higher than 4; or ii) 'moderate' pain or higher registered on the VRS-4 upon initial patient triage. As a secondary outcome, we explored the presence of severe pain defined as i) initial NRS equal to or higher than 7; or ii) 'severe' pain on the VRS-4 [22, 23] . We also explored the frequency of administered intravenous fentanyl as a proxy of opioid demanding pain.
Information on dispatch was extracted from technical dispatch software at the EMCC level [20, 24] and information on patients transported by ambulance was obtained from an electronic touchscreen-based medical record (EMR). We attained additional follow-up data for acute patients transferred to the hospital. The Danish National Patient Registry contains primary and secondary diagnoses according to the 10th version of the International Classification of Diseases (ICD-10), procedures and treatment codes on emergency department and hospital visits since 1995 [25] . The underlying cause of pain was defined by primary hospital diagnosis codes, and presented according to the overall 21 ICD-10 chapters [26] . Primary hospital diagnosis codes were considered reasonable for linkage with EMR data if patients were admitted within 12 h of prehospital (EMCC) contact. To describe the cohort in detail we calculated a 10-year Charlson Comorbidity Index (CCI) score from the extracted ICD-codes [27] and vital status was obtained from the Danish Civil Registration System [19] .The Danish Data Protection Agency (no. 1-16-02-294-16) and the National Board of Health (no. 3-3013-1663/1) approved the study. According to Danish law, observational studies do not require informed patient consent and/or approval from local ethics committees.
Data analysis and handling
All statistical analyses were conducted using STATA version 13.1 (StataCorp, TX, USA). Categorical data was reported as number (%) with 95% confidence intervals (CI), and means with CI were given for continuous data following a normal distribution. A χ 2 test, log rank test or one-way analysis of variance was used for descriptive purposes when appropriate. Table 1 . Patients differed substantially between the overall ICD-10 chapters as regards to total number and proportion of cases with moderate to severe pain:
Results
The ICD-10 chapters with the highest number of patients with moderate to severe pain were chapter XIX 'Injury, poisoning, and certain other consequences of external causes' (n = 3.442) followed by non-specific XVIII 'Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified' (n = 2.022) and XXI 'Factors influencing health status and contact with health services' (n = 1.630), and lastly IX 'Diseases of the circulatory System' (n = 1.064) ( Table 2) .
When focusing on the highest proportion of patients with moderate to severe pain, the ICD-10 chapters were XIII 'diseases of the musculoskeletal system and connective tissue' (60.6%), XIX 'Injury, poisoning, and certain other consequences of external causes' (42.8%), XI 'diseases of the digestive system' (40.7%), and XIV 'Diseases of the genitourinary system' (33.5%) ( Table 1) .
For patients without inhospital information on primary hospital diagnosis codes (n = 3.558), 389 patients were declared dead on scene, 623 patients did not want transfer to the hospital, 1.835 patients were treated and left on scene and 711 patients had no specific reason registered in the EMR. Four patients treated and released were given intravenous fentanyl.
As a proxy of severe opioid demanding pain, 3.275 of 41.241 patients [7.9% (95% CI 7.7-8.2)] were treated with intravenous fentanyl, of which 2.886 patients had moderate to severe pain. Patients with the highest levels of pain were more likely to be treated with fentanyl compared with lower levels of pain [severe pain, n = 2.098: 49.6% (95% CI 48.0-51.1), moderate pain, n = 788: 11.0% (95% CI 10.2-11.7), no or mild pain, n = 163: 1.1% (95% CI 0.8-1.1), unknown pain status, n = 226: 1.7% (95% CI 1.5-1.9), P = 0.001]. Table 2 provides the distribution of moderate and severe pain and the number of patients given fentanyl after omitting patients with no or mild pain and unknown pain status. Generally, ICD-10 chapters with the highest proportion of severe pain had the highest numbers and proportions of patients given fentanyl. As seen in Table 3 , patients with different pain status also varied in terms of age, sex, comorbidity, 30-day mortality and type of dispatch. Adding additional transports provided to the same patient in the study period did not change the frequency of moderate to severe pain or the distribution of pain within ICD-10 chapters (Appendix).
Discussion
In this large prehospital population-based study, moderate to severe pain was experienced by at least 28% of more than 40.000 patients transported by ambulance, 10.3% had severe pain, and 7.9% were treated with intravenous fentanyl. According to primary hospital diagnosis, the underlying cause of pain was heterogenic with pain present in virtually all ICD-10 chapters. As expected, the ICD-10 chapter with the highest number of patients with moderate to severe pain was injuries (XIX). Surprisingly, a high number of patients with non-specific (XVIII and XXI) diagnoses had moderate to severe pain. The ICD-10 chapters with the highest proportion of moderate to severe pain were diseases of the musculoskeletal system, injuries, digestive-and genitourinary diseases. Few other studies have investigated the frequency and causes of acute prehospital pain and these studies were less accurate in terms of describing missing data and classifying cause of pain.
McLean and colleagues investigated 14.5 million ambulance transports over a 1-year period and found that 20% experienced moderate to severe pain. The most common reasons for hospital admission among patients with pain were injuries (27%), musculoskeletal symptoms (18%), chest pain (18%), digestive symptoms (11%) and respiratory symptoms (7%). Overall, 17% were treated with narcotic analgesics [7] , which seems as a high proportion compared with our results and other studies. An Australian ambulance study estimated that 35% of 315.000 patients experienced pain of any intensity during transport, most part were categorized as being of traumatic (40%) or medical (39%) origin. Seven percent of all patients received opioids in the ambulance [8] . A French prehospital study on 2.279 patients encountered by emergency physicians found that 40% The most common tentative diagnoses were cardiac (29%), traumatic (11%), non-specific (9%), gynaecologic/obstetric (4%), or miscellaneous (45%) [9] . All studies had missing data on pain, varying from 15 to 50%, and they did not properly describe the patients with missing data, which creates space for unaddressed selection bias. Depending on study design and patient selection, other prehospital pain studies experienced missing data on pain documentation in the range of 25-80% [28] [29] [30] [31] [32] [33] [34] [35] . In our study, 32% of all patients had missing pain data with differences on various characteristics such as age, sex, comorbidity, 30-day mortality and dispatch type. There are probably several explanations for the cases where no pain score is registered: most likely many of these patients did not to suffer from pain, whereas other might have had pain but no documentation of pain scores. Therefore, a cautious approach should be adopted when patient selection is based on whether pain is documented or not.
Acute pain is a complex subjective feeling that may not always be easily quantified by unidimensional tools [36, 37] . Acute pain is an excruciating experience for the inflicted patient and may have a possible impact on the progression of disease, including immobilization, prolonged inhospital length of stay, and a risk of chronic pain development [38] . Therefore the symptom needs to be assessed and handled as soon as possible. Given the high frequency of moderate to severe pain across a wide range of conditions, it is important to evaluate whether prehospital Given as proportions (%) with 95% confidence intervals healthcare providers have optimal possibilities for treating acute pain efficiently. In Scandinavia and many other European countries with similar prehospital setups, simple one-drug pain treatment protocols with dosing restriction are applied for ambulance personnel use, whereas an extended analgesic authority is reserved for prehospital emergency physicians [39] [40] [41] [42] [43] [44] [45] . This appears rational from a patient safety perspective but with the majority of patients handled solely by non-physician emergency staff, the risk of inadequate pain treatment seems evident. A high number of patients treated with intravenous fentanyl may reflect the fact that many prehospital patients have opioid demanding pain. There was a surprisingly high number and proportion of patients with moderate to severe pain among patients with non-specific diagnoses (e.g. ICD-10 chapters XVIII and XXI), which could be elucidated in future studies. Also, it may raise concerns whether few of these patients are malingering as part of a drug seeking behavior. While prehospital healthcare providers have to keep on relieving symptoms and not judging patient reliability, the prehospital EMS contribution to drug-seeking behavior may be substance of further investigation. Reports from the United States and Europe suggest an epidemic outbreak of opioid abuse that needs to be taken seriously [46, 47] .
In previous prehospital studies on the causes of pain [7] [8] [9] , the classification of diseases was uncertain or unspecified, thus making direct comparison with Severe pain defined as a numeric rating scale ≥ 7 or severe pain registered on a 4-point verbal rating scale upon initial patient triage our study difficult. To our knowledge, no other prehospital studies have assessed the causes of pain using an ICD-10-based classification of diseases. Other prehospital investigations have assessed the presented symptoms during 1-1-2 calls, and, though classified differently, the most prevalent patient groups are injuries/accidents, non-specific complaints and symptoms of cardiac-, respiratory-and abdominal origin [20, 24] . As in our study, similar overall distributions of ICD-10 chapters on patients transported by ambulance have been found in other prehospital investigations [48] [49] [50] [51] .
The strength of this register-based study is first of all the sample size merged with validated national registries [19, 25] . Second, the risk of baseline selection is of less concern since all citizens have equal free access to prehospital emergency care.
A number of limitations also need to be addressed. First, missing CPR numbers have hypothetically contributed to selection bias. Given the population of acute prehospital patients with potential acute diseases assessed in a limited timeframe, the risk of being unable to acquire precise information regarding some individuals is practically unavoidable [20, 49, [52] [53] [54] . Second, the data validity of the EMR depends on reliable entry and documentation of variables of scientific interest. For our study, one third of patients had no information on pain status, thus reflecting a general problem within the genre of observational pain research but also emphasizing the need for a careful approach when assessing and interpreting data. Our data suggests that at least 28% of patients experience moderate to severe pain in the ambulances but this proportion is likely to be higher. Future research is needed to define variables mandatory for entry in the EMR and to ensure a national consistency in data collection.
Third, using unidimensional pain scales may not precisely reflect the highly nuanced and subjective sensation of pain experienced by acute patients. Baseline pain does not always mirror a treatment demand, and may be influenced by other factors such as anxiety. Though prone to inter-individual variation, simple pain scales are practical clinical tools widely adopted in prehospital- [55] , emergency department- [23] , and postoperative settings [56] ; other more comprehensive quantifications of pain are less feasible in the prehospital environment. The chosen cut-off points for moderate to severe pain are commonly used in a clinical context [22, 23] , but can be subject of debate when applied to specific subpopulations. Last, repeated documentation of NRS were mainly used for patients treated with intravenous fentanyl by EMTs. Evaluating changes in pain scores only when treatment is initiated seems reasonable from a clinical point of view, but limits our assessment of the development of pain symptoms during ambulance transport for all prehospital patients with pain.
Conclusion
In conclusion, moderate to severe pain is a frequent symptom in the prehospital setting, involving at least 28% of all acute patients transported by ambulance and present in nearly all ICD-10 chapters. The highest number of patients with moderate to severe pain occurred within injuries, non-specific diagnoses and diseases of the circulatory system. The highest proportion of moderate to severe pain occurs among patients with diseases of the musculoskeletal system, injuries and diseases of the digestive-and genitourinary system. More attention should be given to the management of acute pain, given the frequency and the broad range of causes in terms of main hospital diagnoses. 
